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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a covered tool which can enhance the tight attachment toughness, etc., of 
the oxide covering formed through a physical evaporation method and improve remarkably the tight attachment of 
a skin film containing oxygen. 

SOLUTION: A covered hard tool is formed by forming a hard covering layer by the ion plating method and is based 
upon a super-hard alloy such as high-speed steel, super-hard alloy, thermet, wherein at least part of the covering 
layer is formed by alternately laminating the first layer expressed by (TixAM-x)N, where 0.2<x<0.5, and the second 
layer expressed by (TixAI1-x) OyN1-y, where 0.5<x<0.7 and 0.01<y<0.5, and the second layer is configured so that 
the first layer in contact thereto is continued to the crystals. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the covering hard tool which uses as a base nature alloys of superhard, such as a high speed steel 
which comes to cover a hard enveloping layer in the ion plating method, cemented carbide, and a cermet Said a part 
of hard enveloping layer [ at least ] The first layer of N (TixAl 1-x) (0.2<=x<=0.5), (TixAl 1-x) It is the covering hard 
tool characterized by this second layer having the continuity of the first touching layer and crystal by carrying out 
the laminating of the second layer of OyN1-y (0.5<=x<=0.7, 0.01<=y<=0.5) by turns. 

[Claim 2] The covering hard tool characterized by covering the oxide layer, the acid nitride layer, or acid carbon 
nitride layer of aluminum as an outermost layer in a covering hard tool according to claim 1. 

[Claim 3] The covering hard tool characterized by the oxide layer, the acid nitride layer, or acid carbon nitride layer 
of aluminum of the outermost layer having the amorphous-like crystal structure in a covering hard tool according to 
claim 2. 

[Claim 4] The covering hard tool characterized by the oxide layer, the acid nitride layer, or acid carbon nitride layer 
of aluminum of the outermost layer being a crystalline substance in a covering hard tool according to claim 2. 
[Claim 5] The covering hard tool by which thickness of the second layer which carries out a laminating is 
characterized by 2nm or more being 100nm or less in claim 1 thru/or a covering hard tool given in 4 terms. 
[Claim 6] The covering hard tool characterized by replacing a part of metal component of the first layer and/or the 
second layer in the range of 1 - 30 atom % by one sort of Si, Y, Nd, Sm. and Sc, or two sorts or more in a covering 
hard tool according to claim 1 to 5. 

[Claim 7] The covering hard tool characterized by replacing the metal component of the outermost layer in the 
range of 1 - 30 atom % by one sort of Ti, Si, Y, Nd, Sm, and Sc, or two sorts or more in a covering hard tool 
according to claim 2 to 6. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the invention in this application — the oxidation resistance of a coat — excelling — a result 

— having excelled — abrasion resistance — having — covering — hard — a tool — being related . 

[0002] 

[Description of the Prior Art] Although coats, such as TiN and TiCN, were conventionally general-purpose and 
common as a coat of a covering tool, examination which adds aluminum is made so that it may be represented by 
JP.4-53642.B and JP.5-67705.B in recent years. It is the purpose that it is going to aim at the oxidation resistance 
of a coat and wear-resistant improvement by adding aluminum to a coat in these examination. However, the present 
condition is that sufficient oxidation resistance which can be equal to use is no longer acquired only by having 
increased, also when cutting speed tends to have accelerated further and the high degree-of- hardness steel after 
heat treatment was cut recently, and the edge-of-a-blade temperature of a tool having become an elevated 
temperature remarkably in such a case, and adding aluminum. 

[0003] Although the proposal which covers TiAION etc. in the outermost layer that oxidation resistance should be 
improved further on the other hand is also made (JP.7-32881 1,A), it has come to acquire oxidation resistance 
sufficient in the oxide of Ti and aluminum. Moreover, although the proposal (JP,9-1 92906.A) which covers an alumina 
in the outermost layer is also made, the adhesion of the alumina film in ion plating itself is weak, and since it is easy 
to exfoliate, in actual cutting, it exfoliates for impulse force, and it can be said that it is not yet satisfactory. 
[0004] 

[Problem(s) to be Solved by the Invention] According to research of this invention persons, in the TiAIN coat which 
added aluminum to Ti, the oxidation initiation temperature in the inside of atmospheric air improves to 450 degrees 
C of TiN. and it goes up at 750 degrees C - 900 degrees C with the increment in ******** of aluminum. However, in 
the latest high speed cutting and high degree-of^hardness material cutting, edge-of^a-blade temperature cannot 
acquire sufficient cutting life only by there being often a case where 900 degrees C is exceeded, and adding 
aluminum. Therefore, also in such high speed cutting, it is long lasting, and in order to realize stable cutting, it is 
necessary to raise the oxidation resistance of a coat further. 
[0005] 

[Means for Solving the Problem] While this invention persons make the manifestation of damage sudden [ exfoliation 
of the film, disintegration, a micro chipping, etc. ] and fatal prevent And the result of having repeated research 
wholeheartedly about what it carrying out raising the oxidation resistance of a coat. While replacing with oxygen 
some nitrogen of the TiAIN layer which is the first layer, and the first layer, by carrying out the laminating of the 
second layer TiAION which made the ratio of aluminum to Ti higher than the first layer by turns, and covering it, it 
came to check that oxidation resistance improves remarkably. Furthermore, it came to acquire further the 
knowledge that oxidation resistance improves, the oxidation resistance of each class improves and the oxidation 
resistance of the whole coat improves further by adding the component of Si or 3a group in the outermost layer, the 
first layer, and the second layer further, by covering an AIO layer in the outermost layer. 
[0006] 

[Function] When the mechanism of the oxidation by the TiAIN layer said for oxidation resistance to be excellent for 
an example was studied, since aluminum near the coat front face was spread in the outermost surface and formed 
the alumina there, it turned out that oxidation starts. Although formation of this alumina controls diffusion inside [ of 
oxygen ] a coat and makes oxidation resistance improve, the coat directly under an alumina formed in this case 
serves as Ti oxide of the rutile structure where aluminum does not exist as a result of spreading aluminum in the 
outermost surface. The oxide of this Ti exfoliates easily in porous one, and even if the alumina which functions as a 
barrier of the internal diffusion of oxygen with much trouble is formed in the outermost surface, oxidation -resistant 
improvement remarkable after all cannot be desired. 

[0007] Then, if the second layer of TiAION is made to intervene between the first layer of TiAIN and it is made a 
laminated structure Since the second layer of TiAION which forms the outermost layer there functions as an 
obstruction of oxygen diffusion even if one layer of the first layer oxidizes like **** and exfoliates from the oxide 
layer of porous Ti, A result by which especially oxidation of a coat is sharply controlled in dynamic cutting is 
brought, and the longevity life stabilized in cutting is attained. Of course, while also cutting the TiAION film, it wears 
out, but since the TIALoN film which is in a lower layer further functions similarly, it results in making the oxidation 
resistance of the whole coat improve sharply. Therefore, there are as much as possible many second AIO layers. 
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and it is possible by making five or more layers intervene preferably to attain the cutting life fully satisfied. 
[0008] when the second layer makes the continuity of the first layer and the crystal structure form, adhesion is 
boiled markedly, and improves and it stops moreover, generating the exfoliation under cutting It is **** to the main 
point of this invention to consider as the TiAION layer which is got blocked, for example, has the fee structure 
where the second layer is the same when the first layer is fee structure. When the fee crystal structure will be 
taken on the usual PVD covering conditions if an aluminum/Ti atomic ratio makes a TiAIN layer 7/3 or less, and this 
structure is taken, a clear reason shows a but comparatively good tool property unknown now, as known well. It is 
just going to be known well that hardness falls, so that stopping forming fee structure when this atomic ratio s 
furthermore exceeds abbreviation 7/3, and this atomic ratio become small, and toughness improves, and that 
hardness will become high, so that an atomic ratio becomes high conversely, and oxidation resistance will improve. 
Furthermore, according to the result which artificers examined wholeheartedly, also when oxygen is added to TiAIN, 
it is checking that the almost same inclination is shown. Namely, by this atomic ratio serving as fee structure or less 
by 7/3, oxidation resistance becomes good, so that this atomic ratio is high within the limits of 7/3 or less. 
[0009] In order for the first layer to raise toughness as much as possible in the range which does not lose abrasion 
resistance, and for the second layer to raise oxidation resistance as much as possible, and to carry out the 
laminating of the first layer and second layer by turns and to protect exfoliation between film from the above 
knowledge moreover, it resulted in invention of making it the same fee structure and giving the continuity of a 
crystal. Here, the aluminum/Ti ratio of the first layer TiAIN will become inadequate [ toughness ], if abrasion 
resistance fells to the main point of this invention by **** and less than 2/8 and setting it as the range of 2 / 8 - 
5/5 exceeds 5/5. Moreover, the aluminum/Ti ratio of the second layer TiAION does not serve as fee structure, 
unless it will make it the ultra-thin film and a superstructure will be formed, if it becomes insufficient [ oxidation 
resistance ] to set it as the range of 5 / 5 - 7/3 at **** and less than 5/5 at the main point of this invention and it 
exceeds 7/3, and it cannot expect the continuity of a crystal. Moreover, it is because toughness cannot fall and 
practical use cannot be presented, if having set the amount of nitrogen purges of oxygen to 0.1-0.5 cannot discover 
oxidation resistance sufficient less than [ it ] but 0.5 is exceeded. It is because that it is easy to produce exfoliation 
cut by the result of an experiment when less than [ it ] was [ restricting one thickness thickness of the second 
layer to 2nm - 100nm ] inadequate as for the effectiveness as barrier of anti-oxidation and it was exceeded. 
[0010] Furthermore, while raising the oxidation resistance in the early stages of cutting by giving an AIO layer to the 
outermost layer, the joining-proof nature to a workpiece also improves and the further reinforcement in cutting is 
possible. In this case, when the AIO layer of the outermost layer is the amorphous-like crystal structure, much more 
oxidation-resistant improvement is accepted. That is, since oxygen is diffused preferentially in a grain boundary, 
diffusion of oxygen is further controlled as it is an amorphous layer without a grain boundary, and it is thought that it 
is effective for improvement in anti-oxidation. Moreover, in order that the AIO layer itself may serve as hard and it 
may raise abrasion resistance somewhat although oxidation resistance deteriorates when the AIO layer of the 
outermost layer makes it crystalline substances, such as gamma, kappa, theta, and alpha, it is desirable to make 
crystal selection in an amorphous layer by the cutting application. The crystalline form of an AIO layer serves as 
amorphous one, gamma, theta and kappa, and an alpha structure from a low temperature side mainly depending on 
vacuum evaporationo temperature. It is more desirable to use pulse bias to cover lOOnm or more in the ion plating 
method, since an AIO layer is an insulating layer. 

[0011] Furthermore, addition of the various third components was tried that the oxidation resistance of the first 
coat should be improved. Consequently, in addition of Si and 3a group metal of Y, Nd, Sm, and Sc, a result whose 
oxidation resistance of a coat improves remarkably was brought These components became clear [ segregating to 
the grain boundary of the first coat, controlling diffusion of the oxygen in a grain boundary, and making the oxidation 
resistance of a coat improve ] at research of this invention persons. When the amount of permutations of the 3rd 
component was under 1 atom %, there was no effectiveness in oxidation-resistant improvement, and if it is made to 
contain exceeding 30 atom %, in order to degrade the abrasion resistance of a coat, it was made into one to 30 atom 
%. Hereafter, this invention is explained based on an example. 
[0012] 

[Example] Coating of the example of this invention and the example of a comparison was performed using three 
sorts of targets using the example 1 small arc ion plating system, and the KOTIDDO superhard end mill was made as 
an experiment. Coating conditions were set to bias voltage-300V and reagent-gas-pressure force 4x10-2mbar. 
Since the total film thickness was set to 2.5micro, the total number of layerses in the whole coat differ in each 
example of this invention. The second layer and outermost layer formed membranes by introducing oxygen gas into 
an intermission. AIO which has not indicated the crystal structure among Table 1 is the thing of amorphous 
structure. 
[0013] 
[Table 1] 
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[0014] Subsequently, the oxidation test was performed for 30 minutes at 1000 degrees C among atmospheric air, 
and oxidation layer thickness was measured. The result is also shown in Table 2. It cut until it performed the cutting 
test and broke in the following cutting conditions with the obtained end mill. The length of cut at the time of 
breakage occurring is written together to Table 2. The end mill was performed using the phi8mm six-sheet cutting 
edge in ** material SKD 1 1 (HRC60)-ed, cutting speed 40 m/min, the feed per revolution of 0.06mm / cutting edge, 
amount of slitting 12mmx0.8mm, and those (dry) without cutting oil. 
[0015] 
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[0016] First, to oxidation resistance, by the sample which covered oxygen content or an oxide, although the nitride 
layer of the first layer was influenced of heat, it hardly oxidized, but Table 2 showed that the oxidation to the 
membranous inside hardly progressed. Moreover, in cutting of the hardened high degree-of-hardness material by the 
end mill, cutting heat and since [ if it rubbed and wear was made to act, ] membranous compactness would be 
maintained, abrasion resistance improved by leaps and bounds with three to 5 times. 

[0017] The coat of the same example of this invention shown in example 2 example 1 and the example of a 
comparison was covered to the cemented carbide drill and the cemented carbide insertion, and the cutting test was 
performed on the conditions shown below. The diameter of a drill carries out punching processing of phi6mm (about 
[ JIS P30 ]), the **-ed material SCM 440 (annealed material) and cutting speed 100 m/min, feed-per-revolution 0.1 
mm/rev, and a hole depth of 15mm, and shows the abrasion loss after 3000 hole cutting in Table 2. In the slow away 
insertion, the amount of flank wear after 10m cutting was measured. The cutting items of an insertion are chip 
configuration SEE42TN (about [ JIS P40 ]) and ** material SKD 61 (HRC42)-ed, and are 1.5mm in beveling with a 
width [ of 100mm ] x die length of 250mm, cutting speed 150 m/min, the feed per revolution of 0.15m / cutting edge, 
and the amount of infeeds. The result is also shown in Table 3. 
[0018] 

Table 3] 
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[0019] clearer than Table 3 — as . It was checked that the example of this invention shows a drill and the tool life 
which was excellent in the insertion similarly. An end mill, a drill, and the insertion of an inclination are the same. 
[0020] The cemented carbide end mill and cemented carbide insertion which covered the example of this invention 
were made using the example 3 small arc ion plating system. In alpha, in 790 degree-Cgamma, crystallization of the 
outermost layer formed membranes on 680-degree C covering conditions. Cutting evaluation was performed in the 
cutting conditions which showed the example of this invention, and the example of a comparison in the example 1 
and the example 2, and the result was written together to Table 3. Moreover, an oxidation test is performed on 
condition that 1000 degrees C and 2-hour maintenance among atmospheric air, and the formed oxidation layer 
thickness is also shown in Table 4. In addition, the total thickness was set to 2.5 micrometers also in this example. 
[0021] 
[Table 4] 



http://www4Jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2007/02/01 



JP,11-320214,A [DETAILED DESCRIPTION] 



5/6 ^— V 











(m) 


mn& 

(m m ) 


(n m) 




(nm) 




(nm) 




(nm) 


* 
fl 


LS 


TiO. 6A10. 4N 


50 


Ti0.4A10. 6 
00. 05N0. 95 


10 


a A10 


30 


36. 9 


0. 086 


290 


L4 


TiO. 6A10. 4N 


50 


TiO. 4A10. 6 
00. O5N0. 95 


10 


y A10 


30 


36. 9 


0. 069 


380 


15 


TiO. 6A10. 4N 


50 


T10.4A10. 6 
00. 05N0. 95 


10 


A10 


30 


29. 8 


0. 075 


280 


16 


TiO. 6A10. 4N 


50 


TiO. 4A10. 6 
00. 05N0. 95 


10 


A10N 


30 


24. 6 


0. 091 


373 


17 


TiO. 6A10. 4N 


50 


TiO. 4A10. 6 
00. 05N0. 95 


10 


A ICON 


30 


23. 9 


0. 092 


390 


18 


TiO. 6A10. 4N 


50 


TiO. 4A10. 6 
00. 05N0. 95 


10 


A10N 


30 


22. 8 


0. 095 


420 


It 

09 


19 


TiO. 5A10. 5N 


50 






6. 9 


0. 320 




20 


TiO. 4A10. 6N 


50 






6. 5 


0. 289 




21 


TIO. 3A10. 7N 


50 






6. 8 


0. 360 





[0022] It is clear that multilayers of the example of this invention the more excellent oxidation resistance and a 
cutting life are shown as shown in Table 4. As for oxidation resistance and a tool life, by making an oxide film placed 
between the interior, improving further is distinct. 

[0023] The cemented carbide end mill which covered the example of this invention shown in Table 5 was created 
using the TiAlX alloy target containing the 3rd component X of the example 4 specified quantity, and the same 
oxidation test as the same cutting evaluation and the same example 3 as an example 1 was performed. Those 
results are written together to Table 4. In this case, the second layer was unified into AIO (2nm) of fee, and the 
outermost layer was unified into the amorphous AIO layer. 
[0024] 
[Table 5] 
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[0025] It is more distinct than Table 4 that the 3rd component raises oxidation resistance and a cutting life further. 
[0026] 

[Effect of the Invention] This invention by carrying out the laminating of the target with which aluminum contents 
differ, and the layer which is different in an oxygen content from a gas system Since an oxygen content can be 
made [ many ] by being used as a long lasting tool and changing the amount of aluminum especially when it has the 
outstanding oxidation resistance and uses as a cutting tool, It is applicable to the tool for precision plastic working 
by which cutting tools, such as the various tools by which abrasion resistance and thermal resistance are demanded, 
i.e., the chip for lathe turning, an end mill, a drill, and a broach, and abrasion resistance, and seizing resistance are 
demanded. 



[Translation done.] 
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